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ABSTRACT

This article reports preclinical and clinical experience with a type I and
type III injectable human collagen product derived from human sources (contain-
ing type I and type III collagen in a proportion of 44:56) utilized as a dermal filler.
The preclinical study involves experiments characterizing the histological changes
observed after type I and type III injectable human collagen injection in rats. The
clinical trial is a study of 123 patients treated with type I and type III injectable
human collagen for pitting skin deficiencies including furrow, superficial scar, and
superficial atrophy. Histological observations from the preclinical study revealed
that type I and type III injectable human collagen persisted for at least a year. The
clinical trial showed that most patients were satisfied with the results, and a rating
of excellent or good was achieved 90.2% of the time. The positive results lasted
about 9 months after the first injection, 12 months after the second injection, and
18 months after the third injection. Reported side effects were slight redness and
discomfort at or near the injection site. Type I and type III injectable human
collagen is a safe and reliable biomaterial that can easily be used for soft tissue
augmentation.
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A plethora of new dermal fillers have been
introduced over the past few years. These are
synthetic products that have shortcomings in the
goal of achieving the ideal dermal filler. The short-
comings can be either adverse events, short duration
of effect, or lack of new tissue in growth. The ideal
natural dermal filler would offer immediate correc-
tion of the dermal defect with no adverse events and
stimulate new tissue regeneration as the dermal
filler is slowly absorbed.

Collagen, a family of fibrous proteins, is the
major structural component of the vertebrate body
and the primary protein in skin.' The normal
human dermis consists of about 80% type I collagen
and 20% type 111 collagen.>® Type I collagen is
responsible for the strength and integrity of the
dermis.>* Type III collagen allows for the distensi-
bility of the dermis.>*

Collagen loss causes the aged, wrinkled look
of skin and lip atrophy. Collagen composition in the
skin changes with age. Type I1I collagen constitutes
50% of collagen in neonatal skin dermis but only
5% of collagen in aging adult skin. Facial wrinkles
are mainly due to loss of collagen, especially type III.
Replacing a natural human collagen into the
wrinkles allows the most logical and compatible
soft tissue replacement.

Age-related changes appear as wrinkles in
facial skin and around the lips and mouth. The lip
and mouth changes include atrophy of the upper
and lower lips, actinic changes of the mucosal skin
surface and vermilion, and atrophy at the corners of
the mouth, which causes a downturn of the corners
of the mouth and a resultant aged appearance.’
Another sign of aging is an increase in the prom-
inence of the nasolabial folds.> Environmental fac-
tors such as sun and smoking contribute to the
wrinkled appearance of facial skin.

The appearance of wrinkles is important
to people who want to prolong their youthful
appearance. Such people often desire skin augmen-
tation to maintain a youthful appearance. Skin
augmentation is popular because it restores the
consistency and composition of normal tissue with-
out surgery.’

Fine, superficial wrinkles such as facial rhy-
tids or dermal depressions are most effectively
treated with “like material” such as dermal colla-
gen.® Deeper, more subcutaneous wrinkles are ap-
proached best from the subcutaneous space.” Some
wrinkles have superficial and deep components,
such as the nasolabial fold, crow’s feet around the
eyes, forehead, and cheeks.?

The ideal filler for soft tissue augmentation
should be safe and effective; easy to obtain and
administer; have a minimal risk for infection, ex-
trusion, or migration; produce a minimal inflam-
matory reaction; last for an acceptable period
of time® and be usable without pretesting in
patients. It should also be cost effective, show
consistency and reproducibility, and yield a highly
acceptable result.® The substance should be ap-
proved by the Food and Drug Administration
(FDA).?

Because collagen is immunologically benign,
resistant to proteolysis, and a natural substrate for
cell adhesion, collagen is the ideal biomaterial for
soft tissue augmentation. Many collagen-based
products are available to correct facial wrinkles,
acne scars, and other small areas of skin defects.
Bovine injectable collagen (Zyderm v, Zyderm
%™ and Zyplast@ collagen implants; Inamed
Corporation, Santa Barbara, CA) has been used
extensively in the United States, Japan, Europe, and
Hong Kong for these purposes.”

With the growing use of bovine collagen
implants, questions have been raised regarding their
immunogenicity in humans. Although these bovine
collagen preparations are of low immunogenicity,
they are still foreign proteins. Their antigenicity is
not low enough to escape an immunologic response
in all patients. The major disadvantage of bovine
collagen is a treatment-associated hypersensitivity
reaction that consists of redness and swelling at the
treatment site.” These reactions occurred in 1.3 to
3% of patients treated with Zyderm I or I1.> These
allergic reactions are believed to be an immunolog-
ical response to bovine collagen. In contrast, colla-
gen products derived from human cells do not pose
an allergy risk.> Many investigators believe the
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use of human-based collagen will overcome this
shortcoming.”’

This article describes the preclinical and clin-
ical experience with a type I and type III injectable
human collagen product derived from human sour-
ces (containing type I and type III collagen in a
proportion of 44:56) utilized as a dermal filler.
Our results demonstrate that type 1 and type III
injectable human collagen is a safe and reliable
biomaterial that can easily be used for soft tissue
augmentation.

HUMAN COLLAGEN

Type | and Type lll Injectable
Human Collagen

Type I and type III injectable human collagen was
prepared by the National Institute of Occupational
Health and Poison Control, Chinese Center for
Disease Control and Prevention. Type I and type
IIT injectable human collagen was made from highly
purified human collagen obtained from placentas
according to a known method for collagen extrac-
tion and puriﬁczltion.10 All placental tissues were
collected from mothers who tested negative for
acquired immunodeficiency syndrome (AIDS) and
hepatitis. The tissues were tested twice to ensure
that negative tests for AIDS and hepatitis were
obtained. The purity of type I and type III injectable
human collagen was evaluated by amino acid anal-
ysis, degradation by collagenase, sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE), and Western blot.'?
tween type 1 and type III collagen was evaluated
using interrupted electrophoresis analysis. The col-

The proportion be-

lagen concentration was measured as previously
described.” Type I and type III injectable human
collagen passed the required bacteriology, virology,
and pathology tests. Type I and type III injectable
human collagen is packaged in 2-mL syringes in a
physiological saline buffer solution containing 0.3%
lidocaine at a pH of 7.2. Type I and type III

injectable human collagen is stored at 2 to 10°C
until use.

Results

Type I and type III injectable human collagen is a
highly purified human collagen that is sterile and
virus free. The proportion between type I and type
I1I collagen was 44:56 (Fig. 1). The concentration is
35 mg/mL.

Conclusion

The type I and type III injectable human collagen
developed by the National Institute of Occupational
Health and Poison Control, Chinese Center for
Disease Control is highly purified human collagen.
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Figure 1 Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis profile of type | and type Ill injectable
human collagen. u, unreduced; r, reduced.
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Type I and type III injectable human collagen
prepared in this manner was used in the animal
and clinical experiments described in the following.

PRECLINICAL STUDIES
Materials and Methods

ANIMALS
Twenty male Wistar rats (weight, ~200 g+ 10 g)
were randomly separated into two groups. One
group (n=10) was injected with type I and type
I1T injectable human collagen (0.2 mL, 35 mg/mL,
prepared as detailed earlier) and the other group
(n=10) received Zyderm II (0.2 mL, 65 mg/mL).
Zyderm II (Inamed Corporation, Santa Barbara,
CA) is sterile, purified bovine dermal collagen in
phosphate-buffered saline with 0.3% lidocaine.>”
Each rat received six injections (0.2 mL per site) at
three sites on each side of the back (Fig. 2).
Before injection, the back of each rat was
shaved and sterilized. After injection, the rats were

Figure 2 Sites of injection on the back of rats.

observed for 1, 6, and 12 months. At the end of 1
and 6 months three rats were sacrificed, and at the
end of 12 months four rats were killed for each
group to determine the status of the injected colla-
gen and to study the morphological characteristics.
All specimens were collected and the sections were
prepared for light microscopy and evaluated by
hematoxylin-eosin staining analysis.

Results

Both groups were observed for 1, 6, and 12 months.
In both groups, collagen was found at the sites of
injection 1 and 6 months after the injection. His-
tological observation of these injection sites indi-
cated that collagen had transferred into the injection
site, as observed by active collagen synthesis (Fig. 3).
One month after implantation, a mass of soft,
pliable white tissue was found on biopsy specimens
of the subcutaneous injection sites of injected ani-
mals. Visible small blood vessels could be seen
coursing over the entire surface of the implant. No
significant inflammatory response was observed
in either group 30 and 180 days after injection.
Although the rat dermal collagen appears more
dense, the injected collagen could be clearly distin-
guished because it is homogeneous, pale staining,
and eosinophilic. Numerous fibroblasts were ob-
served nested among collagen fibers. A densely

stained fibrillar collagen was apparent, indicating

Figure 3 Histology 1 month after injection with type | and
type Il injectable human collagen.
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Figure 4 Histology 6 months after injection with type |
and type Il injectable human collagen.

that the fibroblasts were secreting new collagen.
Adipocytes also appeared on the periphery of the
implant and became trapped within it. The amount
of collagen produced and the blood vessel supply
increased from 1 to 6 months (Fig. 4). Six months
after injection, strong collagen bundles formed
within the implants. At this time point (6 months)
fibroblasts and capillaries were distributed diffusely
throughout the implant. Similar results were ob-
tained for both groups. By 12 months after injec-
tion, 10% of the collagen was not easily detected.
The histological observations revealed that at each
time point, the amount of fibroblasts and adipocytes
as well as the amount of capillaries remaining was
less for the Zyderm II group compared with the
type I and type III injectable human collagen group.

Discussion

In this long-term animal experiment, type 1 and
type III injectable human collagen persisted for at
least 1 year. In addition, type I and type III
injectable human collagen induced host cells to
migrate into the collagen implant and to synthesize
their own collagen, which is supported by the
growth of capillary vessels at the injection sites. A

healthy blood supply is necessary for the injected

collagen to incorporate into the animal’s tissue,
continue to grow, and eventually become the rats’
own tissue. The growth performance of induced
cells and blood vessels was better with type I
and type III injectable human collagen than with
Zyderm II. Zyderm II has been shown to be rapidly
degraded by tissue collagenases and reabsorbed
within months."® The induced ingrowth of adipo-
cytes that increases over time is an interesting
observation that deserves further investigation.

The primary differences between type I and
type III injectable human collagen and Zyderm II
are the type of collagen (human versus bovine) and
the ratio of type I to type III collagen. For type I and
type III injectable human collagen, this is 44:56 for
type I and type III collagen, respectively. In con-
trast, Zyderm II is about 95 to 98% type I collagen,
with the remainder being type III collagen.*”

In humans, the major disadvantage of
Zyderm II is the adverse reactions reported with
its use. Adverse treatment reactions are character-
ized by urticaria, myalgias, arthralgias, and one
anaphylactoid reaction."*® Such reactions include
local hypersensitivity reactions, cystic reactions, and
the development of systemic symptoms. Treatment-
associated hypersensitivity reactions consist of red-
ness and swelling at the treatment site.” These
allergic reactions are believed to be an immunolog-
ical response to the foreign source, bovine collagen.
About 3% of patients treated with Zyderm II
developed positive skin test responses and 1.3%
developed transient, localized, adverse reactions.’
Approximately 56% of these locally necrotic events
occur in the glabellar area.® There have been two
reports of partial vision loss after Zyderm collagen
therapy.’

To avoid these adverse events, skin tests are
required before receiving bovine collagen.® There is
a smaller group of allergic patients who develop an
allergy to bovine collagen after one, and sometimes
two, negative skin tests.® Zyderm II is contraindi-
cated in patients with autoimmune disease. Patients
with lidocaine sensitivity, a history of an anaphy-
lactoid event, or previous sensitivity to bovine col-
lagen are excluded from treatment.’
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In contrast, human-based collagen products
such as type I and type III injectable human
collagen do not pose the allergy risk of bovine
collagen and a skin test is not required prior to
use. Human-based collagen tends to be replaced
with human collagen, which is more biocompatible.

CLINICAL STUDIES

Open Label Trial

MATERIALS AND METHODS

Study Design A clinical safety trial of highly
purified type I and type III injectable human colla-
gen was conducted at three hospitals in China.

Each patient received two collagen injections:
an initial injection and a secondary injection 30 days
after the initial injection (Fig. 5). The results were
evaluated by both the clinician and the patients.
Photographs were taken before and 60 days after the
first injection. Thirty days after the second injec-
tion, the data were analyzed. The results were
classified on the following scale:

Excellent: completely attained filling with no obser-
vable indentation.

Good: attained satisfactory filling and some observable
indentation.

Poor: filling not attained and the indentation is
obvious.

This was designed as a safety study of
6 months duration. However, 30 patients were
followed for a long term up to 2 years.

Collagen Injections Type I and type III injectable
human collagen was prepared as detailed previously.
After the injection site or sites were determined, the
type I and type III injectable human collagen was
removed from the refrigerator and placed at room
temperature for 1 hour. Type I and type III inject-
able human collagen was injected only after re-
warming. Each injection site received 0.2 to
2.0 mL of type I and type III injectable human
collagen, depending on the size of the furrow or
scar.

Type I and type Il injectable human collagen
injections require the expertise of a properly trained
professional. Type I and type III injectable human
collagen was injected superficially into the papillary
dermal layer of the furrow in patients lying down or
in a semireclining position. The injection continued
until the skin turned white and formed a raised
area. The best results were obtained from uniform
injections. Nonuniform injections may cause a

Figure 5 Pictures of typical furrows treated with type | and type Il injectable human collagen in this clinical study. Left,
Preinjection. Right, 18 months after injection. This patient received an injection 30 days after the initial injection, and this

photograph was taken 18 months after the injection.
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subcutaneous mass or node. After each injection, all
physicians completed an observation form.

Study Participants A total of 123 patients enrolled
in the study. All patients were 19 years of age or
older. Only patients with pitting skin deficiencies
such as furrow, superficial scar, and superficial
atrophy were included in this study. Typical exam-
ples of furrows and scars treated are seen in Figure 4.
Exclusion criteria included immune disease, atopic
patients, collagen disease, anaphylaxis, and allergies
to lidocaine.

Demographics and Baseline Characteristics of Pa-
tients 'The 123 patients who received injections of
type I and type III injectable human collagen
included 17 men and 106 women (Table 1). Most
of the participants were women, with the ratio
between male and female being 1:6.2. These pa-
tients ranged in age from 19 to 59 years, the average
being 38.9 years of age. The 31- to 50-year age
group accounted for 73.3% of the population of
patients. The 123 patients had 151 areas treated.
The major defects treated were furrow (87.8%) and
superficial scars (12.2%), as indicated in Table 1.
The shortest duration of rhytid (years of skin

deficiency present prior to treatment) was half a

Table 1 Patient Demographics and Baseline
Characteristics

Parameter Patient Population
Number of patients 123
Mean age (years) 38.9
Age ranges (years)
Younger than 20 2
21 to 30 17
31to 40 50
41 to 50 40
51 to 59 14
Gender
Male 17
Female 106
Facial areas
Glabellar furrow 63
Crow's feet 39
Frontal furrow lines 33

Table 2 The Overall Rating of Patients Receiving
Treatment with Type | and Type Ill Human Injectable
Collagen

Rating Number of Patients Percent
Excellent 53 43
Good 58 47.2
Poor 12 9.8

year, the longest duration of rhytid was 30 years,
and the average duration of rhytid was 7.8 years.
There were 38 cases with a duration of rhytid of less
than 5 years, 46 cases with a duration of rhytid of 6
to 10 years, 18 cases with a duration of rhytid of
11 to 15 years, 14 cases with a duration of rhytid of
16 to 20 years, 4 cases with a duration of rhytid of 21
to 25 years, and 3 cases with a duration of rhytid of
26 to 30 years. Among them, treatment success rate
for cases with a duration of rhytid of 1 to 10 years
was the highest, observed in 68.25% of the total
treatment cases.

RESULTS

Efficacy Although this was not an efficacy trial,
the results of 123 patients treated with type I and
type III injectable human collagen are shown in
Table 2. Most of the patients were satisfied with the
results, and a rating of excellent or good was
achieved 90.2% of the time. The satisfaction level
for each type of furrow was equally positive (Fig. 6),
with the best results obtained for frontal furrow
(96.8%) followed by crow’s feet (92.3%) and
glabellar furrow (90.5%). Superficial scars received
lower ratings compared with all types of furrow:
73.3% versus 93.2%, respectively.

Safety A slight redness and discomfort at or near
the injection site were observed in 20 patients, with
an incidence rate of 16.2%. This local reaction typi-
cally occurs after needle injection. The redness and
discomfort usually resolve within 24 to 48 hours.
This incidence rate of 16.2% included 18
cases of minor subcutaneous hematomas and 2 cases
of subcutaneous hemorrhage at the site of injection.
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Figure 6 Level of patient satisfaction by site treated.

All of these responses (small hematomas and
hemorrhages) were absorbed into the body and
resolved naturally. One patient refused a second
injection after the appearance of a subcutaneous
hematoma and was removed from the study. No
other side effects were observed. There were no
differences in the tolerability of the first and
subsequent injections.

Long-Term Extension

Thirty patients who participated in the previous
open label study were followed up for up to 2 years.
The goal of this extension was to determine the
long-term safety of type I and type III injectable
human collagen injections.

No additional safety problems were observed.
It was noted that some clinically significant effect
was still present 8 to 9 months after the initial two-
injection treatment.

Marketing Experience

Thirty thousand injections of type I and type III
injectable human collagen were administered by
experienced and properly trained professionals
over a period of 10 years. Some patients requested

Good Paor

Excallant’Good
combined

an additional second and even a third injection to
obtain a complete correction of rhytids.

No serious adverse experiences were reported.
It was observed that the effects lasted on average
9 months after the first injection, 12 months after
the second injection, and 18 months after the third
injection (personal communication from Bingci

Liu, M.D., April 2005).

DISCUSSION

Type III human collagen is becoming recognized as
an important component of youthful skin. Type III
collagen constitutes 50% of collagen in neonatal
skin dermis but only 5% of collagen in aging adult
skin. Collagen composition in the skin changes
with age and facial rhytids, caused mainly by loss
of collagen, especially type III. Replacing a natural
human collagen into rhytids allows the most bio-
compatible soft tissue replacement, in keeping with
the plastic surgery premise of replacing lost tissue
with similar natural “like” tissue, not synthetic
replacements.

Type III collagen induces tissue ingrowth
and improves tissue repair, spatial organization,
and neovascularization. Type III collagen is angio-
genic and encourages neovessel formation and tissue
regeneration. It has been shown in preclinical stud-
ies to induce fibrocytic ingrowth and neovasculari-
zation with no inflammation. Type III atelocollagen
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is naturally cross-linked by natural disulfide bridges
that do not exist in type I atelocollagen.

For these reasons, using a dermal filler with a
high type III collagen content may produce better
results. In this study, we used type I and type III
human injectable collagen, which contains 50% type
IIT collagen. The results of this clinical trial indi-
cated that type I and type III injectable human
collagen corrected small skin defects such as furrows
with a satisfaction rate of 90% or higher. Type I and
type III injectable human collagen is recommended
for superficial furrows and scars. This is in agree-
ment with a previous study.®

No adverse or immune reactions were re-
ported for these patients. No immune reactions
were observed most likely because type I and type
IIT injectable human collagen is made from human
placentas. The safety data presented in this study
are similar to the data reported for other countries.
The higher number of minor adverse events re-
ported in this study may have been due to the
lack of experience of the surgical staff, which
was performing this operation for the first
time. These minor adverse events were due to the
injection needle causing a small hematoma or hem-
orrhage. The choice of a plastic surgeon or derma-
tologist experienced in this type of surgery is highly
recommended.

As mentioned previously, type I and type III
injectable human collagen contains type I and
type 111 collagen in approximately equal proportions
(50% type I and 50% type III collagen). The high
concentration of type III collagen may be advanta-
geous for the treatment of wrinkles because the
loss of type III collagen contributes to the forma-
tion of facial wrinkles. In addition, type III collagen
induces tissue regeneration, which may be indicated
by the length of time needed between retreatments.
Patients may require retreatment 6 to 8 months
after the first injection, 8 to 12 months after the
second injection, and 12 to 18 months after the
third injection, if not longer; many patients reported
that collagen lasted 2 to 3 years after the first
injection (personal communication from Bingci

Liu, M.D., April 2005).

CONCLUSION

Type I and type III injectable human collagen from
human source is a safe and effective method for
correcting skin furrows and superficial scars. It is
easy to use and has a very low incidence of minor
adverse events of a self-limiting nature related to the
injections. No serious adverse events were observed.

The study involving 123 patients resulted in
the approval of a highly purified type I and type 111
injectable human collagen dermal fill product by the
State Medicine Authority of China (China’s FDA)
in 1994. Since that time, more than 30,000 units
have been sold with an average persistence of
9 months. This persistence increases to over 1 year
with subsequent injections. No allergic reactions
have been reported because this is a natural human
collagen.

Type I and type III injectable human collagen
is closest to the ideal natural dermal filler that
stimulates the tissue regenerative effects of the
skin. We believe this is due to the high percentage
of type III collagen. This is the same type of col-
lagen that is increased in youthful and healthy skin.
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